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BaCKGROUND: Ambient levels of pesticides (“pesticide drift™) are detectable at residences near
agricultural field sites.

OBJECTIVE: Chur goal was to evaluate the hypothesis that maternal residence near agricultural pesti-
cide applications during key periods of gestation could be associated with the development of
autism spectrum disorders (ASD) in children.

MEeTHODS: We identified 465 children with ASD born during 1996-1998 using the California
Department of Developmental Services electronic files, and matched them by maternal date of last
menstrual period to 6,975 live-born, normal-birth-weight, term infants as controls. We determined
proximity to pesticide applications using California Department of Pesticide Regulation records
refined using Department of Water Resources land use polygons. A staged analytic design applying
a priovi criteria to the results of conditional logistic regressions was employed to exclude associa-
tions likely due to multiple testing error.

Resurrs: Of 249 unique hypotheses, four that described organochlorine pesticide applications—
specifically those of dicofol and endosulfan—occurring during the period immediately before and
concurrent with central nervous system embryogenesis (clinical weeks 1 through 8) met a priori cri-
teria and were unlikely to be a result of multiple testing. Multivariate 4 pasteriori models comparing
children of mothers [iving within 500 m of field sites with the highest nonzerc quartile of
organochlorine poundage to those with mothers not living near field sites suggested an odds ratio
for ASD of 6.1 (95% confidence interval, 2.4-15.3). ASD risk increased with the poundage of

arganochlorine applied and decreased with distance from field sites.

ConcLusions: The association between residential proximity to organochlorine pesticide applica-
tions during gestation and ASD among children should be further studied.
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“Autism” sefers to a set of neurodevelopmen-
tal disorders that are characterized by
impaired social interaction, restricted corornu-
nication, and repetitive, stereotypic behaviors,
The number of children reported as having
AUTiSm spectrum disorders (ASD)) has risen
dramatically since the early 1990s. In the
United States, some of this increase is aterib-
utable to changes in diagnosis and reporting,
although this pattern is not uniform across all
states {Shattuck 2005). Symproms of classic
autism do not typically become evident until
early childhood, but current evidence is con-
sistent with a pathogenic process originating
during fetal development (Arndt et al. 2005;
Hertz-Picciotto et al. 2006; Kemper and
Bauman 1998; MNelson et al. 2001},

Many of the hypotheses regarding ASD
pathogenesis involve a funcrional deficic
caused by alterations to specific brain strac-
tures occurring 7z utero during defined tem-
poral windows of vulnerability (Polleux and
Lauder 2004). The lesions in question might
result from genetic factors, environmental
insults, or a combination of the two. A variety
of lesions could give rise to a “final commeon
pathway” to autismy; ASD as currently defined
may well include multiple disorders that have
not yet been successfully differendared.
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A large number of widely used agricul-
tural pesticides have known neurologic
effects (Weiss et al. 2004), raising the possi-
bility that gestational exposare to these com-
pounds could play an etiologic role in ASD
and related neurodevelopmental disorders.
Most compounds are prone to “drift,” and
detectable levels in air samples are ofren
measurable at locations beyond the site of
application for extended periods afterwards
{(Kegley et al. 2003; Lee et al. 2002).
Elevated levels of agricultural pesticides in
household dust and their metabolites in
urine have been associated with residential
proximity to treated fields (Loewenherz et al.
1997, Lu et al. 2000; Simcox er al. 1995).

Studies of pediatric discases and their asso-
clations with residential proximity or parental
occupational exposure to pesticides have been
accumulating, most notably for cancer
{Birnbaum and Fenton 2002; Daniels et al.
1997; Feychting et al. 2001; Flower et al.
2004; Linet et al. 2003; Meinert ex al. 2000;
Olshan et al. 2000; Reynolds et al. 2002;
Robison et al. 1995; Shannon 1998; Zahm
and Devesa 1993) and, more recently, neu-
rodevelopmental delay (Grandjean et al.
2005). Many environmental toxicants are con-
veyed transplacentally, and the blood--brain

barrier remains relatively permeable to many
of these compounds until well into the first
year of life (Andersen et al. 2000). In general,
experimental and epidemiclogic evidence
regarding pesticides and pediatric neurodevel-
opment is :strihingiy iacking, df:spitc consider-
able knowledge abour pesticide roxicity
{particularly neurotoxicity) (Kamel and
Hoppin 2004; Weiss et al. 2004).

We evaluated a series of hypotheses
regarding an association between in uterp resi-
dential “exposure” to specific agricultural pes-
ticides {that is, maternal residence in close
proximity to sites of application) and the
development of ASD by linking existing data-
bases using a retrospective case—control
design. This study was conducted as part of a
demnonstration project of the udlity of envi-
ronmental pubiic health tmckjng, an initiative
funded by the Centers for Disease Control
and Prevention (McGeehin et al. 2004) wo
generate clues for further etivlogic study.

Materials and Methods

All data assembly and sampling protocols
were approved by the Californda Diepartment
of Health Services Committee for the
Protection of Human Subjects before che

initiation of activities.

Study subjects. The study population
included 269,746 singlecons born between
1 January 1996 and 31 December 1998 1o
mothers residing in the 19 counties included
in the Sacramento River Valley and San
Joaquin River Valley air basins of California
{known together as che Central Valley)
{California Center for Health Seatistics,
Sacramento: Birch Seatistical Master Files,
unpublished data). Excluded from the study
population were infant deaths and multiple

births. Modestly elevated ASD risk has been
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noted among children born preterm (Larsson
et al, 2005); in this cxpiommry study_v we
focused on ASD risk not mediated by this
phenomenon and excluded those born at < 37
weelks gestation or weighing < 2,500 g.
Children with ASD were identified from this
study population through electronic files of the
California Department of Developmental
Services (DD8) (California DS, Sacramento,
CA, Client Development Evaluation
Reports, unpub]ished data), which operates a
statewide system of regional centers and
developmental centers that coordinare volun-
tary services for persons with autism, mental
retardation, and other developmental disabil-
ities. Children reported by DDS at any age
as receiving services for autism or with an
ASD diagnostic code {e.g., Diagnostic and
Statistical Manual of Mental Disorders,
4th ed., code 299.80) (bxmerjcrm deﬂatng
Association 2000) were included in che
case group.

DDS eligibility is determined and services
are provided without regard to citizenship or
ﬁnzmciai status. Ah‘hmiéh ch'c systerm is u<cd
and rauai and crhmc groups, d]spamtics in
use may exist. Referrals come from pediatri-
cians, other clinicians, the educational sy~
term, lemily members, and friends. DDS
creates an archive file of client development
evaluation reports (CDER) completed at the
regional centers and developmental centers. A
CDER is submitted when an individual has a
diagnosed developmental disability and has
met the cligibility requirements for active sta-
tus in the DDS system. Children who qualify
for services for conditions other than autism
but who have comorbid ASD may have a
diagnosis of ASD coded on their CDER
under “Mental Disorder.” Children with
milder forms of developmental disabilities,
induding Asperger’s Syndrore and Pesvasive
Developmental Disabilicy-Not Otherwise
Specified (PDD-NOS), may not meet eligibil-
ity requirements for active status. The CDER
is updated periodically as client status changes.

Lmkage afame 514!3]6{:15 to bivth records.
To identify DS clients who were resident
births and to abrain street address ar birch
and other demagrz\phic vartables for analysis,
DS electronic files were linked to ive birth
vital records by staff of the California Center
for Autism and Developmental Disabilities
Research and Epidemiology {Richmond,
CA}. Matching algorithms were based on
identifying variables inc luding child’s first
name, last name, date of birth, sex, and
mother’s first name, last name, and date of
birth. We estimate an incorrect matching
rate of < 0.2% using these procedl.u'cs
{Grether ], unpublished data).

Control subjects, For each case, we
selected 15 control births from che study

population from among full-term, normal-
weight live births who were not identified as
cases using an incidence density sampling
design with date of last menserual period
LP\/H)) as the vime vartable. This prmudurc
permitted control for the time-varying preva-
lenice of exposure that could, uncontrolled,
result in confounding, and maximized the
information obtained from the cohort for
estimation of disease rate parameters. For the
small number of records for which gesta-
ticnal age was missing, we imputed this
number based on the date of birth and LMP.
Records for which the {recorded or imputed)
gestational age was incompatible with the
recorded birth weight using an established
algorithm (Alexander et al. 1996) were
excluded before sample selection.

Regional center as a covariate. DDS
regional center {(RC) catchment areas are geo-
graphicaﬂy defined, and services are pr(widcd
based on residence address. Six RCs serve the
19 counties included in this study; because of
migration between birth and age of ciiaglmsis}
19 RCs contributed diagnoses to cases in the
study population. Statewide guidelines are
pmwdcd fore 1g71biljrv dcrcrmmatmn and
provmon of services, but RCs have ﬂc;xibdit"
in application of guidelines. To adjust for dif
ferences among RCs, we included a variable
for cases indicating RC of enrollment when
cligibility based on autism was established.
For control subjccts, RC assignments were
simulated under the assumption thar migra-
tory patterns during the first few vears of life
would be identical between case and control
populations. For each RC, we calculated out-
and in-roigration between birth and CDER
diagnosis date for ASD cases, and then ran-
domly selected an identical proportion of
controls born in each RC catchment area and
reassigned them accordingly. Later when
choices had been made regarding the analyric
model, we repeated the random assignment
100 times to assess the sensitivity of our find-
ings o this process.

Pesticide dara, We obtained records from
the California Department of Pescicide
Regulation (DPR 2000) describing agricul-
tural pesticide applications within thc: 5tudy
area occurring after 1 January 1995 (for the
4 years after this dare, the total number of
applications was 6,710,727).
submitted to DPR by county agriculture
commissioners and are spaciaﬁy referenced to
public fand survey sections (PLSS); we con-
ducred cleaning and correction algorithms fol-
lowing the protocol of Gunier et al. (2001).
Following the method of Rull and Rite
{2003), we spatially refined these data through
the overlay of matched land-use survey field
polygons provided by the California
Department of Water Resources (DWR
2005). Brieﬁy, we matched each DPR record

These data are
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to the land-use survey conducted closest in
tiroe to the application date (DWR surveys
are conducted roughly every 5-7 years in each
California county). Mamhmg is based on
location and crop type as specified in both the
DPR and DWR records, with ﬁ'equenriy
rotated crops grouped together in a single cat-
egory. Of the total applications recorded by
the DPR spanning 19951998, 73.4% were
successfully linked based on specific crop
identificrs, whereas an additional 18.0% were
linked under the “frequently rotated” category.
For the remaining 8.5% of applications, no
field polygon in the specified PLSS grid was
identified with the appropriate crop identifier,
so no spatial refinernent was possible {percent-
ages do not sum to 100 due to munding).
Data linkage. Exposuse assignment
incorporated both spatial and temporal
dimensions. Residence addresses at time of
birth were standardized and verified using
ZP4 (Sernaphore Corporation, Pismo Beach,
CA} and subscquentiy geocoded using
ArcGIS version 9.0 (ESRI, Redlands, CA).

Geocoded address coordinates were taken

from the first successful match of the follow-
ing four streer centerline data sets (in order):
Gcographic Data chhnol@g" (GDT)
Diynamap/2000 version 13 (TeleAdas,
chanon, NH), Navigation Technologies
MNAVSTREETS (WA\TF(Q Chicago, 1L},
TeleAdas MultiNet streets {TeleAtlas), and
the 11.S. Census Bureau TIGER 2000 sys-
tem (Washington, DC). For each streer cen-

terline data set, residences were geocoded by
matching to street address attribures {e.g.,
pl‘{‘ﬁ}i, number, name) and the ZIP code,
or, if the ZIP
city name.
We determined temporal proximity by
comparing dates of applications recorded in
the DPR data ser (which are believed to be
accurate within a few days) to the stage of
gest'\tiﬂn (qun1ciﬁed as thf: numbrzr of day /<

(‘Odi Was URSUCCes "Sﬂli, YE’),C

Icruhmtmn was z\o:’umgd to ocour 14 days
following the LMP date and labeled day
zero. LMP is therefore day ~14, and the
expected delivery date for a full-term preg-
nancy day 266.

To assign exposure, we developed a cus-
tom Java (Sun Microsysteros, Santa Clara,
CA) application using the ArcSDE Java
Application Program Interface version 9.0
{ESRI, Redlands, CA} and the GeoTools Java
GIS Toolkit, version 2.0 { open source, http:/ /
geotools.codehaus.org/). We caleulated the
surns that combined the numbers of pounds
of pesticides occurring during any temporal
window (defined below) within the specified
radius of a geocoded point, intersecting DWR
land-use or PLSS polygons with thc buffer,
and assuming homogeneous distribution of
pesticides wichin each of these polygons.
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Analytic straregy. The infrastructure
developed for this project allowed us to
simultaneously test large numbers of specific
hypotheses. To avoid the pidfalls associared
wich multipl{‘, statistical comparisons, we
constructed a multistage analytic strategy.
First we selected pesticide compounds based
on plausibility of biological connection 1o
autisn, physical chamctu)qnc\‘, and commu-
nity concerns. Then we operationalized the
hypotheses of association between exposure
and outcomne based on known embryologic
phenomena. We then conducted & priors
data analysis with primary attenton to the
effects of multip]e tcsting, followed bv a pos-
teriori data analysis for refinement of
hypotheses and guidance of future work.

Selection of pesticide compounds. Input
was obtained through a series of participa-
tory mectings with representatives of com-
munlw-bascd local governmental, and
nongovernmental organizations. Two com-
plimentary and overlapping se
were developed to select pesticides of inter-
est: 2) compounds causing substantdal com-
munity concern, and &} compounds most
likely to have spatially and teroporally resolv-

able health effects based on their toxicologic

s of criteria

and physical properties. Community con-
cerns included pesticides accounting for par-
ticularly large proportions of roral
agriculeural applicadons in the state; pesti-
cides associated with well-known involuntary
exposures due to incidents of community
poisonings; and fumigant pesticides, which
are used in particularly large quantities dur-
ing a single application. To address the sec-
ond set of criteria, we assembled a list of 54
high-use pesticides known to be neurovozi-
cants, reproductive toxicants, developmental
toxicants, and/or endocrine disruptors
{Green Media Toolshed 2006). Following
prcviousiy deveiopcd protoco]s {Bennett
et al. 1999; MacLeod et al. 2004), we ranked
compounds from the list by a local exposure
index, which is the environmencal persis-
tence weighted by the fraction of deposition
expected to occur near to the applicadon
site. The resulting individual compounds
and groups of compounds are s
Appendix 1.

Operationalization of hypotheses. We
operationalized each single hypothesis as any
unique combination of 4) pesticide com-
pounds or groups of compounds, &) mater-
nal residential distance from application site,
and ¢) temporal period during pregnancy.
Spatial parameters were based on the
assumption that substantial population expo-
sure due to pesticide drife was unlikely ar dis-

hown in

rances > 1,000 m and may be restricted to
distances smaller than a few hundred meters
{Kegley et al. 2003). We tested hypotheses
using distances of 250, 500, and 750 m for
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both individual and grouped compounds.
For gjroupnd compmmd“, we additiomﬂ,iy
tested hypoth»scs using a 1,000-m radius.

Temporal parameters were chosen to
reflect the hypotheses that the periods imme-
diately before and during central nervous
system (CNS) embryogenesis, neural cube
closure, and entire gestation could represent
critical windows for exposure. We defined
these respective periods as follows: CNS:
days -7 rhmugh 49; neural tube: days —4
thmugh 24: and gestation: day 14 thmugh
date of birth.

A priori analysis. For each parameter
combination, we considered only instances
for which a minimum of five case or conerol
subjects per quartile of nonzero exposure
were available, We impo sed the followi ng
standards for consideration of any associa-
tions between pesticide exposures and ASD
as significant.

The fourth nonzero quartile coefficient
must be significantly greater than zero, wich
P = Ol using the Holm 1]g011thm (Aickin
and Gensler 1996) and incorporating the

formula by Dunn-Siddk (Nichels and
Hayasaka 2003). Under this algorithm, the
adj usted alpha becomes

=1-(1-a)”, [1]

where o is 0.05 and # is the rank (1,2,3,...)
in pvafue,
Further, we gmphical]y df:picted the dis-

tribution o’flp-‘va]ues, aﬂowing the data

eginning with the smallest.

themselves to suggest a logical cut point for
the exclusion of associations likely to be
ateributable to muldple testing.

For screening purposes, we empiﬂysd a
conditional logistic regression model (using
LMP date to define strata for case—control
matching) that controll
racefethnicity, maternal education (classified
as elementary, some high school, high school
graduate, some college, and college graduate),

Ed f’(}l‘ matcrnal

and RC of diagnosis {actual for cases and
impured for controls). For exposure, the ref-
erence category was “none,” with separate
coefhicients for each of the four nenzero quar-
tiles of pesticides, in pounds. All variables in

Tabie 1. Demographic characteristics of ASD cases and controls born in California Central Valley coun-

ties, 19961998,

Per‘r" s Of(‘aS",S li-square

{n=6,975 pvalue

< {.0001
85.2 51.4
14.8 48.8

Maternal age {vears} < 0.0001
<70 84 145
20-74 741 76.6
25-7% 758 712
30-34 734 0.2
35-38 15.5 9.3
=40 2.8 2.3

Maternal raca/ 0.0

Non-Hispa 5.8 441
Non-Hisg 71 8.0
Native Amer can 0.4 8.9
Asian 9.7 8.7
Hispanic 312 348
Other? 0.5 0.7

Maternal education < {.000%
Elementary 43 130
Some 125 19.1
High i 331 38
Some college 282 21.8
i i 20.4 13.3

0.07

%bLLOIan i 0.9 0.5
362/San Biegs 0.8 0.7
363/Far Northern 3.5 7.8
364/Alta California 25.8 25.8
365/San Andreas 0.2 0.3
367/Central Vailey 16.3 21.2
36%/Inland 0.z 0.4
371/North Bay 8.4 52
372/Kem 2.5 11.7
374 bourh Central LA 0.4 0.2
T 1.1 0.5
JT’/‘MHL‘/ Mountain 25.2 237
949/Cther? 1.7 2.2

376/Westside, 378/North LA County, 379/3

voLuME 115 | wumiser 10 | October 2007

udes Pacific Islander and those recorded as other. #Includes 360/Lanterman, 366/Tri
an Gabriel/Pomona, 368/0range County, and 380/East Bay.

Countias, 370/Redwood Coast,
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the model were considered categorical, mean-
ing that no linearity of effects was assumed.

A posteriori analysis. Further analysis was
restricted to @ priori combinations of para-
meters demonstrating significant associarions
with risk of ASDD using the above criteria.
We adjusted temporal parameters by making
them an 8-week moving window extending
frorn 300 days before to 300 days after the
estimated date of conception. This yielded
an “optimal” parameter combination that we
could use to assess model sensitiviey and to
characterize the dose—sesponse relationship
between pesticide applications and ASD risk.
For the latter, we estimared a LOESS function
of pesticide applications (in pounds) following
the methods recommended by Figueiras and
Cadarso-8Sudrez (2001). Optimal span for
the LOESS function was chosen as that
which yielded the minimum value for
Akaike’s Informarion Cricerion (Akaike
1973). The dose—response analysis was con-
ducted using the g package developed by
Hastie (2006} for use in the # programming
language version 2.3.1 (R Development
Core Tearn 20006); all other analysis was con-
ducted using SAS version 9.2 (5AS Institute
Inc., Cary, NC).

Results

Of the original 269,746 singleton births, we
were able to geocode 94.6%, with only negli-
gible differences in this rate between case and
control subgroups. A further 4.6% of these
records were excluded because estimated ges-
tational age was incompatible with birth
Wcight. From the remaining births, we iden-
tified 465 ASD cases plus 6,975 matched
controls. ASD cases were 85.29 male; for
controls this proportion was 51.4% (further
information on demographic characreristics
is shown in Table 1). Eight cases and 100
controls had missing data for at least one
covariate of interest; in nearly all instances
this covariate was maternal education. For

each regression model, only subjects with
complete informacion for all necessary
covariares were included.

A priort analysis. A total of 249 cormnhi-
nations of compminds, buffer radii, and tem-
poral periods met the requirement of five
exposed cases and controls per cell. The coef-
ficients comparing the fourth nonzero quar-
tile of exposure to the reference category are
presented for the eight combinations where
the p-value was < 0.05 (the unadjusted @) in
Table 2.

Regardless of buffer radius, all fourth
nonzero quartile coefficients meeting our
numeric criterion for significance adjusted
for multiple testing were for the category of
organochlorine pesticides with applications
occurring during the CNS period; further-
more, only regressions with this com-
pound-temporal period combination yielded
lﬁrvalues chat met this criterion. Gcnemﬂy,
these cocfficients had p-values an order of
magnitude smaller than chose for the next
most significant coefficients.

The p-values and fourth nonzero quartile
coefficients are plotted in Figure 1. As
expected because of muldple testing, most of
these cocfficients are randomly diseributed
around zero, with a few having p-values close
to 0.05. The cocfficients for organochlorine
exposure during the CNS pcriod, in con-
trast, have p-values substantially smaller chan
their nearest neighbors on the graph and are
consistently positive.

Organochlorine pesticides were found to
be associated with ASD regardless of the
buffer radius used. The effect becomes
monotonically smaller as the radius gets
larger; when the buffer radius is extended to
1,750 m, the fourth nonzero quartile odds
ratio (OR) finally becomes nonsignificant
(]) > 0.05: data not shown). For the posteriori
a,mi]ysis, we selected the radius of 500 m,
which was the smallest for which there was at
least one case for each exposure caregory.

Table 2. Coefficients for ASD risk comparing the fourth nonzerg guartile of exposure o no axposure?
among children born in selected California counties, 1996-1998.%

Temporal window Buffer radius {m}

Coeffi

pValue Adjusted algha®

Gestation 500
OT: PR,

ation 750 =i

0.0011*
0.0025*
£.0057*
0.0084*
0.0249

35 0.0458

Cnly coefficients for which a minimum of 20 subjects had nonzero exposurs and p
tv, and RC of di
five cases and 6,975 controls matched by LMP date, analyzed by conditional logistic regressi
nm and the formuls of Dunn-Sidék {see “A priori analysis” in "Results™}. *indicates p < adjusted aipha.

Lonty
Sixt)

for materna! aducation, matemal race/

< .05 are shown.
{imputed for controls), *Four hundrad
“Using the Holm
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A posteriori analysis. Only organochlo-
rine compounds met the criteria for inclu-
sion in 4 posteriori analyses. Using a 500-m
radius around residential locations, we
allowed the 8-weck temporal window to be
centered :mywhf:rc between 300 days before
and 300 days following estimated date of
conception. Although significant coefficients
(0 = 0.03) were found for alternative time
periods and among nonzere quartiles besides
the fourth, these are dwarfed in magnitude
and significance by those occurring during
the first trimester of gestation among the
highest quartile of exposure (Figure 2).
Shifting the temporal window so that it
starts just following neural tube dosure (day
26} yielded the largest fourth nonzero quar-
tile OR = 7.6 [95% confidence interval (CI),
3.1-18.6]. ORs from regression modeling
using both # priorf and @ posteriori dime peri-
ods for the organochlorine category of pesti-
cides are presented in Table 3.

In the study area, dicofol and endesulfan
accounted for » 98% (by poundage) of the
organochlorines applied. During the tempo-
ral period identified through the a posterior
anafysis (t.e., days 26-81), 88 subjects
resided within 500 m of a dicofol application
and 27 within 500 m of an endosulfan appli-
cation. Because of these small numbers, a full
set of ORs could not be calculated separately
for each of the two compounds. Analysis
using radii > 500 m suggested magnitudes of
association slightly higher for endosulfan
than for dicofol; the association of each com-
pound with ASD appeared to be largely
independent of the other (data not shown).

Our initial model controlled for maternal
race and ethnicity, education, and RC of
diagnosis (recorded or imputed). To assess
model sensitivity, we czmpioyed the & posteri-
ovi time window and the 500-m buffer and

b

W

§th-quartile coefficient

Bow
.
4 "&; }‘ ' g
a
2. 2
1600 0160 G016 0.001

p-Value (logarithmic scale}

Figure 1. Coefficients for ASD risk comparing the
fourth nonzero guartile of exposure o no exposure
among children born in selected California counties,
1996-1998. Only coefficients for which a minimum of
20 subjects had nonzerp exposure are shown.
Model controls for maternal education, maternal
race/ethnicity, and RL of diagnosis timputed for con-
trols). Open circles represent coefficients for
organochiorine pesticides applied during the CNS
period; closed circles represent al others.
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investigated models using no covariates, our
original covariates plus maternal age and
child sex, and various combinations of these.
ORs were not significantly altered under any
model, although we did observe some atten-
uation of the association when sex was
included in the model. Given the observed
sex ratio among cases and our low exposure
prevalence (1.5
were male, so this attenuation should not
necessarily be construed as evidence for con-
founding or effece modification by sex.

U,, 1'\(’31]}7 ’!U C"Piis(’d Cases

Inclusion of covariates besides sex nonsignifi-
cantly increased, rather than decreased, the
observed association. Choice of the inicial
covariates plus sex in the model yielded a
fourth nonzero quardle OR of 6.1 (95% CI,
2.4-15.3}. Repetition of the simulated RC
assignment for controls 100 times yielded a
median es timate for this number of 6.1

{95% CI, 2.4-15.5), minimum 5.8 (95%

Cl, 2.3-14.6), and maximum 6.7 (95% CI,

2.6-17.2}.
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Figure 2. ORs {solid lines} and lower 95% confi-
dence limits {dotted lines) for ASD comparing
nonzero guartiles of organochlorine pesticide
applications within 500 m tc no applications for
overlapping 8-week temporal windows. Models
control for maternal education, maternal race/
athnicity, and B of diagnosis {imputed for con-
trols). x~-Axis is the date in the center of each tem-
peral window relative to fertilization date; shading
indicates clinical first rimester; gaps indicaie no
ASD cases occurred for that category.
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Characterization of the dose~response
relationship berween organochlorine pesti-
cide applications and ASD risk is shown in
Figure 3. Risk appears to increase monotoni-
cally up to the application amount of
approximately 22 b during the B-week
period with the highest OR determined
@ posteriori. This poundage is equivalent to
the 87th percentile for the nonzero applica-
tions in the sample; beyond this magnitude
of application, data are too sparse to allow
for the calculadion of risk, as evidenced by
the widening of Cls and the attenuvation of
the OR back to the null.

Discussion

The objective of this study
cally explore the general hypothesis
dential proximity to agricultural pesticide
applications during pregnancy could be asso-
clated with ASD in offspring. By separately
considering the parameters identifying
@) compounds and compound groupings,
) spatial proximity, and ¢) temporal win-
dows, we tested 249 hy’porhescs thate met our
predetermined criteria. Application of @ pri-
ovi analytic standards to reduce the statistical
problems associated with testing and inter-
preting this large number of hypotheses led
us to dismiss nearly all of these hypotheses
Statistical approaches {Aickin and Gensler
1996; Nichols and Hayasaka 2003) and
visual inspection concurred that the associa-
tion berween organochlorine pesdcide appli-
cations immediately before and during the
period of UNS embsyogenesis and ASDD risk

merited further invesdgation.

was to systerpati-
thar resi-

This associa-
tion was strongest for residences closest to
pesticide applications and was attenuated
with increasing distance. A posteriori analysis
indicated that the association was strongest,
in these data, among those residing near the
highest nonzero quartile of pesticide applied
during the 8 weeks immediately following
cranial neural tube closure. The magnitude
of this association was substantally larger
than any we could generate through addi-
tional testing using alternative time periods

Table 3. Adjusted ORs? {95

and/or quartiles of pesticide applications. We
adopted as an 4 posteriori hypothesis chat
these 8 weeks reflect the period of actual
maximum embryonic valnerability to the
organochlorine pesticides. Findings were
insensitive to choices of covariates available
for our exploratory model, although the
inclusion of sex as a covariate attenuated the
association slighely. Within the limits of our
data, ASD risk increased monomnical]y with
the amount of orgjanoc hlorine applications
during this « posteriori time period.

()@anndﬁhmm‘ pesticides. Organochlotines
include a chemically diverse group of
halobenzene-derivative compounds used
muostly as insecricides; in the study area,
nearly all of the pesticide applied in this class
was dicofol or endosulfan, both of which
were used on cotton, fruits, vegetables,
beans, and nuts.

In general, halobenzene derivacives are
metabolized through the cytochrome P450
system in humans (Rietjens er al. 1997).
Dicofol is chemically similar to dichloro-
dl]::hcn_yltrichimrocthaﬁ.u, (DDT), the di
ence being that dicofol possesses a hydroxy
moiety on one of its two aliphatic carbon
atoms. Dicofol is not meeabolized to
dichlorodiphenyldichloroethylene (DDE), is
cleared from the body more quickly, and
bioaccumulates less than DDT (U.S.
Environmental Protection Agency 1998).
Following oral dosage in studies with rats and
mice, peak serum concentrations are reached
within 2448 hr, with most of the compound
cleared from the body within 8 days
(EXTOXNET 1996a). Environmentally,
dicofol’s gengraphic and teroporal diseribution
follows the patterns of irs application because
of its relative solubility, generally being
detectable in field runcff only during seasons
of field applications (Domagalskd 1996).

In rats, endosulfan is converted by the

tiver after oral administration to endosulfan
sulfate and endosulfan diol; peak serum con-
cenerations are reached within hours and
elimination achieved within days {(Agency for
Toxic Substances and Disease Registry 2000;

% Cis} for ASD among children born in selected California counties during

1936-1998, by nonzero guartile of organochlorine pesticides applied within 500 m of residence during vari-

ous pericds of gestation.”

Meural tube
{4 days pre- to 74
days postfertilization)

CNS
{7 days pre- to &
days postfertilization)

Gestaticn
(14 days pre-
fertilization to DOB)

Nonzero quartile® of paunds applied {reference = 0}

First 0.8{0.1-4.3} 1.2{0.6-2.5) 0.5 0.1-4.3}
Second 168{04-71) 0.8(0.3-1.9) 0.8{0.1-5.3)
T 24{0.7-82) 1.0{0.5-2.2} 2.1{06-7.3}
Fourth 42{1.7-10.95 1.8(1.0-3.3) 7.6{3.1-18.

DOR, date of birth.

“Adjusted for maternal education, materral race/ethnicity, and RC of diagnosis {imputed i control). 465 cases and 6,975

controls maiched by LMP date,
pounds} for neursl tube perind were .
0.3, 1.8, 10.%, respectively. "< 0.05;

nal logistic ragres
2 for CNS, 0.3, 1.9, and 8.4; for gestation, 0.3, 2.9, and 12.0; for a posterior

. €25th, 50th, and 75th percentile cut points {in
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Chan and Mohd 2005; Chan et al. 2005). In
humans, the diol compoamd in particular has
been detected in both placenta and neonatal
cord blood (Cerillo et al. 2005).

than dicofol, endosulfan breaks down in soil

1655 SOEUbi

and water over periods of weeks to months
(EXTOXNET 1996b).

Biological activities in humans. Generally
spcai\mg, the brain has not been highlighted
as the primary target organ for the toxicity of
either dicofol or endosulfan. The latter com-
pound has been noted to have estrogenic
cffects as well as some effects on the thyroid
gland (Schantz and Widholm 2001; Sote
et al. 1994), which may be relevant to con-
cerns about the role of che fetal hormonal
milieu in ASD pathogenesis (Baron-Cohen
et al. 2009). Sexual differentiadion of brain
structures in higher mammals occurs during
the feral period (weeks 9-38) (Tsuruo 20033,
and aromatase, the enzyme that converts
androgens into estrogen, is expressed by
nerve cells localized in specific brain struc-
tures during this period.

Both dicofol and endosulfan noncompet-
itively bind gamma amino-butyric acid
(GABA) receptor—mediated chloride jon
(Sunol et al. 1998).
GABA-mediated neurotransmission is
known to play imporcant roles in gestational
brain development, and the theory thar
altered GABA metabolism could play a role
in ASD) has been advanced (Cohen 2001).
GABA is a neurotransmitrer largely unique
to interneurons, and GABA-mediated activ-
ity reguiates cell migration, pmlifcration,
synaptogenesis, and, by exrension, the overall
patterning of neural networks (Herlenius
and L’lé,{‘rcrzmcz 2004). Mice with abnormal
genes for glutamic acid decarboxylase, whid
is essential for GABA synthesis, dwdop
epilepsy, abnormal neural activity, and
increased ﬁnxi{‘rv—like behavior. Different
forms of this enzyme appear ocqucmmliy
thmug sLalbin divciupincnt, Whlch 15 rhvught

chz\nnds in nerve Lc.’ﬁi:

Bdds ratio for ASD

60 a0 100
ine pesticides applied {lbs}

Lo
Org

Figure 3. Dose-response curve for ASD risk with
organochicrine pesticides applied within 500 m of
residence during @ posteriori temporal period
{26-81 days postfertilization), controlling for mater-
nal education, maternal race/ethnicity, RC of diag-
nosis {imputed for controls), and sex of child. Plus
signs indicate data points from which curves have
been calculated. Solid line, OR estimate; dotted
lines, 95% confidence limits.
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to imply the existence of mulriple distinet
functions for GABA as a neurotransmitter
during different periods (Varju et al. 2001},

[mpl:mrwm ﬁ}r pui)lu“ émftfa. Because this
is the first study to explore whether risk of
ASLY is associated with residential exposure to
organochlorine pesticides ac drife concentra-
dons, our results require rcplication in furcher
studies and should be treated with caudon. In
particular, we want to draw the reader’s atten-
tion to the sniall numbers of subjects classified
as “exposed” under our model that generated
the largest magnicude of ASD risk (a 500-m
distance between field and residence and the
a P()SZZ’?’Z()?’.’ tc‘mporal wmdow), Usmg this
model, a total of 113 case and control subjects
were connected with pesticide apphcatmm
within the spatial-temporal window, with
29 subjects (8 cases) in the fourth nonzero
quartile of exposure.

Among control subjects, the prevalence
of our 4[)0.stgrzoﬁ—d<,f1 ned exposure was
14.3/1,000 births in the Ceneral Valley
region. Assuming a baseline risk for ASD of

6.5/1,000 births (Bertrand et al. 2001;
Chakrabarti and Fornbonne 2001), the OR
of 6.1 suggests a putative population attrib-
utable risk on the order of 79 for births to
Central Valley residents. This calculation
assumes that the relationship between expo-
sure and outcome Is causal and considers
only exposure to drift from agriculrural
apphbauona Associations of ASD with expo-
sure from other sources could not be consid-
ered using the present study design.

To cur knﬂwlcdgc, neither dicofol nor
endosulfan are used in household products
or are used In any quantities ouside of the
cornmercial agricultural setting. Residues of
both compounds are commonly detected in
a wide variety of foods, however (Groth et al.
2000), as are those of persistent crrganochl,o—
rine compounds no longer in use as pesti-
cides {Schafer and Kegley 2002). Both
compounds have structural similarities with
relatively common toxic contaminants such
as hexachlorobenzene and polychlorinated
biphenyls. Most chlorinated aromatic ring

Appendix 1. Pesticide compounds and categories of compounds

selected for hypothesis testing.

The following pesticide compounds and categories of compounds were selected from
California DPR Pesticide Use Repores (2000) for hypothesis testing. Compounds in a sin-
gle functional or chemical category were grouped together for hypothesis testing purposes;
individual compounds were considered on their own regardless of whether they previously
had been included in a group category.

Functional and chemical categories”

+ Cholinesterase inhibitors {149 entries, including pbc;smet, malathion, cthephon, and
thiohencarb)

* Copper-containing compc;unds (45 entrics, including hj}droxides, sulfates, ammeonium car-
bonates, and oxide)

* Fumigants (37 entries, including chloropicrin, methyl bromide, 1,7
metam-~sodium, metam-potassium, and sulfuryl fluoride)
* Avermectins (4 entr iPS including avermectin, emamectin, benzoate, and fipronil)

* Halogenated organics ¢ (43 entries, incl luding methyl bromide and 1,3-dichloropropenc}

o N-methyl (,oI]Z"«lHl ates {29 entries, mdudmg mrbdm"l thiodicarb, carbofuran, methomyl,
and ﬂidjfa; b

,3-dichloropropene,

® Uréaum(hiormcs {40 entries, indurfiné dicofol, endosulfan, and dienochlor)

» Organophosphates (112 entries, including malathion, phosmet, chlorpyrifos, and ethephon)

* Pyrethroids (35 entries, including permethrin, cypermethrin, fenvalerate, cyfluthrin, esfen-
valerate, and bifenthrin)

¢ Thiocarbamates [12 entries, including molinate, thiobencarh, EPTC {ethyl dipropylthio-
carbamate), and pebulate]

Individual mmpm/maﬁ’s,

1,3-Dichloropropene Bromacil acid Bifenthrin
Chloropicrin Chlorpyrifos Copper sulfates
Cypermethrin Dazomet Diuron
Fenarimol Glyphosate Metam-sodium
Methyl bromide Molinate Myclobutanil
Norflurazon Oxadiazon Paraquat
Trifluralin

*Categories may overlap and/or include compounds akso tested individually. *Small chlorinated molecules
{e.g., 1,3-dichloropropene) and chlorinated benzenes are included as halogenated organics; polycyclic
chlorinated compounds are indluded as organochlorines.
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compounds are substantally more pemistpnt
in the environment and in buman tissues
than dicofol and endosulfan. The ability to
detect associations between putative pcmudc
exposure due to agricultural drife and ASD
risk in the present analysis may have been
augmented by the presence of the com-
pounds in relatively defined spadial and tem-
poral windows.

The availability of pesticide application
dara in California has provided an opportu-
nity to derect a possibic {ink, but rc:plicatiﬂn
of our results and further evaluation in labo-
ratory studies are essential to determine
whether these compounds could be etiologi-
cally related to the ocourrence of ASDs in
some children. In this context, it may be rel-
evant to note that the total applied poundage
of endosulfan and dicofol decreased in

California by approximately one-half

berween 1998 and 1999 but appears to have
remained stcad}f since that time (Pesticide
Action Network of North America 2006).
Study strengths and fimitations. One
serength of this study was the ability to locate
pesticide applications with relatively high
resolution in both space and time, which
allowed us to operationalize hypotheses refer-
ring to specific temporal periods of valnera-
bilicy. We were able to use this and the large
number of compounds for which we had
data to characterize many associations, iden-
tifying those likely 1o arise through muldiple
testing and contrasting those with associa-
tions that appeared more compelling. We
were able to meet many standards set for the
epidemiologic study of neurodevelopmental
effects of in utere chemical exposure {Amler
et al. 2006), parti'c:ulzlrly with rc:té,zlrd to the
methodical definition and testing of plausi-
ble hypothe
that prior studies have demonstrated good
diagnostic validity for children reported by
DDS to have aurism when electronic

s & priovi. Another strength is

statewide records are compared with data in
RC records {Grether ], pf:rscnzd comumunica-
rion) or results of standardized evaluations
conducted for speciﬁc studies {e.g., using the
Autism Diagnostic Interview—Revised and
the Autismo Dagnostic Observation Scale)
{(Herrz-Picciotto et al. 2006).
Misclassification of exposure is the pri-
mary limitation of this study. It has been
“Qtll’i‘\aﬁ.d that one in three women change
addresses during pregnancy {Canfield er al.
2006). Furthermore, we were unable to

s time spent at home during the time
periods in question or the influence of wind
speed and direction on drift. Although it is
impossible to assess, it Is likely that this mis-
classificarion is nons systematic in pature; fuar-
ther, the specificity of our exposure metric is
likely to decrease as larger buffer distances
between fields and residences are employed.

ass
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Litde information was available to us
describing the mothers and children in the
sampic other than basic demographic charac-
teristics, so we were unable to adjust for con-
founders potentially imporeant ro gestational
neurodevelopment, such as the use of prena-
val vitamins (Shaw et al. 1995). Anecdotal
evidence suggests thar mothers from a wide
variety of socioeconomic backgrounds and
occcupations were represented in the
“exposed” categories, but we cannot dismiss
the possibility that these women may be dis-
proportionately employed in agriculeure and
therefore subject to occupational exposures
to pesticides beyond drift concentrations.

ASD is relativeiy rare, and more mﬂdly
affected children may be less represented in
our case group. The propertion of mothers
in the sample living in proximity to pesticide
applications durma, our specific tiroe periods
of interest was small, This limived the num-
bers of people classified as exposed at any
pardcular level of pesticide compounds. As
mentioned above, for examplc, only 29 sub-
jects were classified in the fourth nonzero
quartile of exposure to organochlorines using
our & pasteriori parameters. Of these, cight
subjects had ASD; although this is signifi-
cantly greater chan the expected number
{1.8), the need for replication of these find-
ings in other, larger populations is clear.

Conclusions

We evaluated the overarching hypothesis that
maternal residence near agricultural pesticide
applications in California’s Central Valley
during defined time periods of gestation
ASD among chil-
dren. We employed a staged analyric serategy
designed to exclude associations due to mult-
ple testing using 4 prior/ criteria. Risk for
ASD was consistently associated with residen-
tial proximity to organochlorine pesticide
applications occurring around the period of
NS cm]}ryogcncsis; this
appeared to increase with dose and was atten-
uated with increasing distance of residence
from the field site. These findings suggest
that the possibility of a connection between
gestational exposure to organechlorine pesti-
cides and ASD requires further study.

could be associated with

association

RErERENCES

Agency for Toxic Substances and Diseas:
Toxicological Profite for £
for Toxic Sub 2

g Registry. 2000,

ic Health 85(5):726-728
2 3. Information
n?xmu'n !me h’mc Pl

nsion of the
scond International
weory (Petrov BN, Csaki F,
ado, 267281,

ce fm fr)tcx gre )\n'i (Jbss

(wne\,o 87!7‘ 163 168

voLuME 115 | wumiser 10 | October 2007

American P ric Associstion, 7(100 Ehagfl )Stl\, and
Statistical al of M
sion. Washington, DL,A

Amler B, Barone 8
2006, Hershey ?\'“ed

optimizing the des

studiss for 2

in uters cher

fopmantal neurotoxicity of environmantal
chemicals, Toxicology 144:121-127.

Arndt TL, Stodgeli 04, Rodier PM. 2005, The teratology of
autism. IntJ Dev Neurosci 232-21:183--198.

Baren-Cohen S, Knickmayer RC, Belmonte MK, 2005, Sex dif-
fers n the brain: implications for explaining autism.
Science 310:813-823.

Bennett ), l’astmbem W
tion of c" &

{:Kone 1. 1998

aral formuia-

33 03—--509

Bertrand J, Mars A, Boyle C, Bove
Becoufle P. 2007, Prevalence of au
populs e Brick Township
tion. P 5 108(5):1155--1161.

Birnbaum {, Fenton 8. 2002, Cancer and developmental expo-
sure to endocrine disruptors, Environ Health Perspect
111383394,

California DPR. 2000, Pesticide Use i Sacramento
California Bepartment of P 1. Available:

i/ feaw . cdpr.ca.gov/doss/pur/ puroviviv/ovrB2000.pdf
2d 15 Jud y?ﬁﬁ?}

Survey Data. Sacramento:
1 Rﬂswm es. Available:
ea.gov/basicdatalian-
dW Apr (1;]

Rt/ iwwew landwatary
(use,lrmu >vr>lscfn lac

ard expt) re misc ﬂca
of birth defects. J Expo Sci

Cerillo |, Granada A, Lopez-Espinosa M-J, Glmos B, Jiménez M,
Cafio A, et 2l 2008, Endosulfan and its metal s fer-
tile women, placenta, cord blood, and human milk, Environ
Res 96:233-233.

Chalrabarti S, Fombonne
orders in pra .

Chan MPL, Mohd MA. 2085, A’l alysis of endosulfa
matabolytes in rat plasma and selected
gas chromatography-mass spe
20:45-52.

Chan MPL, Morisaws 8, Makayama A, Kawamoto ¥, Sugir
b, Yoneda M. 2005 Toxicokinetics of ¥ osulfan in

: 8 Sawiey rat fﬁliowmg oral istration of
single or re r)ami dos 1 Toxicol 2

Cohen Bl 2001, GABA-trar 1

ﬁutic’n ?\'“ed Hyp‘)ﬂ*s‘

E 7001 Pervasive devel ental dis-

River, California, Bu
EXTOXNET. 19382, Dicofol. Extension Toxicol r‘gy Ne work
Pasticide Information Profites, Oregon State University,

axnet.o r<,1. u/pips/diveiol htm

snsion Toxicology Network
i , Gregon State University,

.|2t '/e<mxnm orst.edu/pips/endosulf htm

1 Movember 2008},

}oychtmg M, Plato M, Nise G, Ahibom A. 2001. Paternal ocou-
paticnal exposures and childhood cancer. Environ Health

srspest 109:193-186.

Figueiras A, Cadarso-Sudrez C. 2001, Applica of nonpara-
metric modals for caleulating odds ratios and their confi-
dence intervals for continuous exposure. Am J Epideminl
15443):264--275.

Flower &, Hoppin J, Lynch C, Blair A, Knott €, Shore D, et al
2004, Cancar risk and parental pesticide application in

icuitural health study participants. Environ
E*p?lti Persre\( 112:631-635.

Grandjean P, Harari R, Barr 3, Debes F. 2008, Pesticide expo-

ir idependent predictors of newrche-
cuadorian school children. Pediatrics

117(3):6546--2556,
Green Media Toolshed. 2008, Scorecard. Av

ble: http: /i,
ruary 2006}

scorecard org/health-effects/ [accessed 1 F

Environmental Health Perspectives

ED_005427A_00029024-00007



icuituy nesticide ications 2]
Agricuitural pesticide applications and

autism

Groth £, Benbrook ©, Lutz K. 2000, Update: Pesticides in
Children’s Foods. New York:Consumers Union,

Gunier R, Harnly M, Reynolds P, Hertz A, Von B

ide use in Caiifornia: pes

ies, and population distributions

study. Environ Health Perspest

d 7001

10910711078,
Hastie 1. 2006. gam: Ge

d Additive Models, R Paclage,
version 3.98. Available: htp//www.r-profect.org/
lacoess Dctober 2006]
Herlenius E, Lagercrantz H. 2004, Development of neurotrans-
mitter systems during critical periods. Exp Neurol
s21.
tto |, Croen L, Hansen B, Jones €, van de Water J,
{. 2008, Yhe CHARGE study: an epi iologie
ation of genetic and environmental factors con-
Environ Health Persp 14:1118-1125.
2 gXpostre
iron Health

with neurologic dysfunction and disease
Perspect 112:950-858.
Kegley 8, Katten A, Moses M. 2003. 8§

cundhand Pesticides:
nia. San Frangiscw
Network of North America, Aval
nna.or g/restur\,es/dor i

nuhsfn. J N.zu .)rati.r‘l E,x’a Ns.
Larsson Hd, Eaton WW, Madser

5 atric | nstmy and soc
ol 161(10):316--925.

Lee 8, Mclaughiin R, Harnly M, Gunier B, Kreutzer B 2002,
Community exposures to airborne agric { pesticides
in California: ranking of inhala risks. Environ Health
Perspect 11311751184,

Linet M, Wachoider 8, Zahm SH. 2003, Interpreting epidemio-
logic rese; essons from studies of childheod cancer,
Pediatrics 112{11:218-232.

Loswenherz C, Fenske B, Simoox N, B

onitoring of organg

3} nong children of agricuitural workers in cent

‘J\’?S’Im( on State. Environ Health Perspect 10513441353,

tu g, Fens cox N, Kaiman D. 2000, Pesticide sexposure
of ¢ in ar agricultural community: avidence of

iman B. 1997,
& BXpo-

2llamy G, Ka
osphorus p

household proximity to farmiand and take home exposure
pathways. Enviren Res 84:280--302.
fMacleod M, Bennett &, Peram b, Maddalena B, MoKone T,
2004, [Jppm wdence of intake fraction on release location in
i franp«uork a case study of four contami-
of 8{3189-102.
A‘~ 7’]’]u Nadmal Eflv rof-

j. 2000,
dhood and
4

c:ont in Germany. Am J Enidemicl 151{7):639-646.
Nelson KB, Grether JK, Croen LA, Dambrosia JM, Dickens BF
Jdelliffe LL, et al. 2001, Neurope i
reonatal Blood of children wit
tion, Ann Neuro! 451597608
Nichals T, Hayasaka 3. 2003, Controlling the familywise error
rate in functional neuraimaging: 8 comparative review.
Stat Meth Med Res 12:419- 446
Oishan A An derswn L, hom

autism or mental retarda-

HE M, Whyatt B,

indows of expo-

k group summary,

108{sunp! 3):585-687.

de Acticn Network of North America. 2008, PAN pesti-
cides database- lifornia pas use. Available:
httpiffwww pesticideinfo.org/Search_Use isp laccessed
1 May 2006}

Pollaux F, Lauder J. 2004 Toward 2 developmant

1 Retard Dev Bisabil Bes

am, 2006. R A Lang

H)urdr on for Stati
Revnolds P, Von Behrer
Harnly M. 2002, Chi
cide use an
Perspect 110:313-
BCM, den Be
shrome P450-catalyzed oxidation of halohen-
Faxicol 10{6):629-835.

Robison L, Buckiey J, Bunin G, 1335, Assessment of environ-
mental and g s factors in the stiology of childhood
Cancers: Chitdren's Cancer Group Epidemiology
Program. Environ Health Perspect 103(suppl 61111118,

Ruli B, Ritz B, 2003. Historical pes & exposure in Salifornia
using pesticide use reports and land-use survays: an
assessment of misclassification error and bias
Health Perspect 111:1582-1583.

Schatar X, Kegi
food supply.

Schantz 5, Widhalm .J. 2001 {

ting chemicals in an
0911971206,

Shannon K. 1998, Gen
cer. Environ Heat

Shattuck P. 2008, The ¢
the growing adn
special education. Pediatri

Shaw GM, Schaffer D, Velie EM, Morland K, Harris JA. 1985,
Periconceptional vitamin use, dietary folate, and the
oeourrence of neural tube defects. Epidemiology
6621:2159-216.

Simeox N, Fenske R, Wolz S, Les |, Kalman £ 1395, Pesticides
in househoid dust and soil: exposure pathways for chil-
dren of agricultural families. Environ Health Perspect
103:1126-1134

Sote A, Chung K, Sonnen
sulfan, toxaphens, a
human estrogen-sens
107:380-383

S.Jml e \/cx!e C, Rr‘:rlgw, }arw E. 1988 Poly“ﬁla o-

viron Health Perspect

gtic pradispositions idhood can-
1 Perspect mﬁlsuwpl ’S 8(11 Sﬂn

atribution of diagnostic su
ive pravalence of 2
T74)1028-1037.

ion to
tism in US

=3

1ein ©. 1934, The pestivides endo-
dieldrin have sstrogenic effects on
sitive cells. Environ Health Parspect

Agenecy, 1938, Reregistration

Eligibility Deeision (RER): Bicofol EPA 738-R-98-018.
Washington, DCUS, Environmental Protection Agencoy.

Varju P l’itcxmva Z, Mads Szabo G. 2001, GABA s
i during develop i
Cell Tissue Res 305:239-246

Weiss B, Amier 5, Amler B, 2004, Pesticides, Pediatrics
113:1030-1036

Zahm SH, Devesa S, 1935, Childhood cancar: ¢
dence trends and ironmental carcinogens
Health Perspact 102{suppi 61177184,

Environmental Health Perspectives « volume 115 | numiser 10 | October 2007

CBD v. EPA (1:21-cv-00681-CJN)

1489

ED_005427A_00029024-00008



